of Cu-Zn-Al alloys is crystallographically studied in detail. The transformation proceeds by a simple type", are observed in the tensile test depending upon the tensile direction and testing temperature.
stress-induced
in Cu-Zn base alloys(1)-(3) as well as in Cu-Al-Ni alloys (4) . Contrary to the easily produced and often retained at room temperature upon unloading in Cu-Zn(6)(7) and Cu-Zn-Al alloy(2) having the electronmartensite, which is sensitive to the composition of the alloy(3) (8) , is to be closely related to the character of the pseudoelasticity and shape memory effect in this alloy system. In a previous work studying the reversible shape memory effect(9)- (11) , it has been verified that the second for the reverse transformation.
ther, a series of investigations are planned and performed using the single crystal tensile test by the present authors. A large number of stress-strain (S-S) curves are analysed for CuZn-Al single crystals with different orientations, temperatures and alloy Compositions (12) in relation to the two-step transformation. In the present paper, the basic crystallographic relations in the second transformation are first established, and then the morphological change is analysed with respect to the structural change in the specimen. Different types of S-S curves are obtained depending upon the orientation of the tensile axis and the relative magnitude of the critical resolved shear stress of the first and second transformations. Fig. 1 . Tensile tests were carried out with an Instron-type testing machine at a strain rate of about 2%/min, the morphological change due to the transformation being recorded in a VTR through a TV camera.
1. Morphology and change in crystal structure Figure 2 shows a morphological change on the top surface of Specimen A-l upon loading, the deformation increasing from (a) to (d). The transmission P.K. photographs were taken as represented in Fig. 3 which has a slightly inclined c-axis with respect to the basal plane. However, the lattice parameters were determined by assuming the orthorhombic 9R strucutre in the present work. first type as seen in (b). However, corresponding to the formation of another martensite variant after, the stress level in the S-S curve suddenly decreased as in (c) to (d). A trace analysis concluded that the crossed region between the examination using the back-Laue method has confirmed that the crossed region is of fct structure. The crossing structure on the surface continued to grow as in (d) to (f) under a constant stress level on further extension. Upon unloading, the reverse transformation took place in a reverse order of the forward one as in the morphological change in (f) to (g). The stress decreased more rapidly as compared with the first case, and after complete unloading at (h) the crossing structure still retained on the surface. This structure disappeared by a small uncontrolled stress which was possibly be applied to the specimen when removed from the tensile machine, as shown in (i). We call the second type of S-S curve the stress-drop type.
The following conclusion was drawn by the tensile tests at room temperature using twenty single crystals with different tensile directions: the stress-drop type with a narrow plateau and two-stage type S-S curve is obtained. úC) The second yield stress becomes higher, as the axis to be measured.
The tests were also performed at different temperatures. Figure  6 shows an example of the S-S curves obtained for Specimen B-3 at 273K shows the typical two-stage S-S curve as in (a). Nevertheless, at higher temperatures, for example at 362K, the curve does no longer show any superelastic loop but the stress drop appears as in (b). It was recognized that the first type was obtained just above the Ms temperature and the second type appeared as the temperature increased.
It was observed in the present experiment that the habit plane in the second transformation, these planes are close-packed planes in both structures, it is expected that the second transformation proceeds by a simple shear deformation on the close-packed planes(4)(17)- (19) .
This mechanism is supported not only by the present investigation using the P.K. patterns with morphological examination but also by the previous work with rotation photographs (9) .
As far as the two-stage type S-S curve is Because of the special tensile direction in this case, the apparent critical stress for the second transformation is higher than that for the first one, so that one sees the clear two-stage curve as in Cu-Al-Ni alloys(4). However, the stressdrop type S-S curve and the associated morphological change in the present experiment have never been observed in Cu-Al-Ni alloys.
In the following discussion our attention concentrates on this special type of S-S curve.
Using Relation (A) and the lattice param-
where the suffix 1 indicates the number of varipressed from Relation (B) and eq. (1) with the known lattice parameters as (2) concerning the crystallographic symmetry of the 9R long period stacking structure.
follows:
and (4) can be said that the variant 1 crystal has almost the same orientation as the variant 2, i.e., the The above result is important to understand crossed region and to consider the origin of stress-drop type S-S curve. As schematically The drop in stress-level in the stress-drop type S-S curve appeared corresponding to the forwhich we call the second shear, is calculated to be smaller than that for the first shear of the Therefore, the observed drop in stress level must transformation has been completed.
